Introduction {#sec1}
============

Multiple preclinical and clinical studies have established vascular endothelial growth factor (VEGFA) as a key mediator of the pathological angiogenesis in neovascular age-related macular degeneration (nAMD),[@bib1] diabetic retinopathy (DR)[@bib2] and diabetic macular edema (DME),[@bib3] or macular edema due to retinal vein occlusion (RVO).[@bib4] Indeed, anti-VEGFA agents such as ranibizumab, bevacizumab, and aflibercept have demonstrated efficacy in controlling pathological neovascularization and macular edema in these diseases.[@bib5], [@bib6], [@bib7], [@bib8], [@bib9] Disease management with these antiangiogenic drugs requires regular intravitreal (IVT) injections, typically every 4--8 weeks, over the patient's lifetime.[@bib10], [@bib11], [@bib12], [@bib13] The necessity of chronic IVT injections for patients suffering from nAMD, DME, or RVO poses a significant burden on patients, caregivers, and the healthcare system, and can result in decreased compliance followed by disease progression.[@bib14]^,^[@bib15] Minimizing this treatment burden while maintaining treatment efficacy remains an unmet need for therapy of these diseases. Significant effort has therefore focused on extending the dosing intervals between injections.[@bib16] Although first-generation anti-VEGFA products, such as Lucentis (ranibizumab) and off label-used Avastin (bevacizumab; Genentech/Roche), generally require up to monthly dosing, Eylea (aflibercept; Regeneron) is a second-generation drug for nAMD that has sufficiently high activity to support a bimonthly treatment regimen in many patients.[@bib17] A potential third-generation drug, brolucizumab (Novartis), has a smaller molecular mass of 26 kDa compared with ranibizumab, bevacizumab, or aflibercept. Its small size may provide better tissue penetration and the ability to administer a higher dose of the drug, potentially leading to a longer effect.[@bib18] Abicipar pegol (DARPin), an ankyrin repeat protein that targets VEGFA, developed by Allergan, has also shown improved durability of action with the potential to extend the interval between administrations in a phase III clinical trial.[@bib19] Additional extended-release systems delivered IVT, including Kodiak Sciences' KSI-103 anti-VEGF biopolymer conjugate, Graybug Vision's GB-102 depot microparticle formulation of sunitinib malate (pan VEGF receptor inhibitor), as well as Genentech/Roche's port delivery system of ranibizumab (phase III); all are proposed to extend the time interval between anti-VEGFA interventions. Although these options are designed to reduce the treatment burden for patients and their caregivers, they still require relatively frequent visits to the physician's office or invasive ocular surgery and follow-up injections. Gene therapy offers a paradigm-shifting approach to the treatment of nAMD, because it has the potential to provide long-term sustained levels of anti-VEGFA proteins in the retina following a single IVT injection, which could improve clinical outcomes while drastically reducing treatment burden. We previously reported that ADVM-022, an adeno-associated virus (AAV) vector optimized for IVT injection encoding aflibercept, demonstrated sustained expression of the protein out to 16 months in nonhuman primates (NHPs), and in a laser-induced choroidal neovascularization (CNV) animal model of nAMD, ADVM-022 provided the same degree of protection as an IVT bolus of aflibercept recombinant protein delivered at the time of laser treatment.[@bib20]

Here, we sought to determine whether aflibercept levels measured following a single IVT injection of ADVM-022 were comparable with clinically therapeutic levels achieved following administration of an IVT bolus of commercially available aflibercept recombinant protein. We evaluated aflibercept expression levels in various ocular compartments following IVT ADVM-022 injection in NHPs and determined how these levels relate to the pharmacokinetics (PK) profile following IVT injection of aflibercept recombinant protein. Three doses of ADVM-022 (2 × 10^11^, 6 × 10^11^, and 2 × 10^12^ vector genomes (vg)/eye) were evaluated 56 days post-injection, and the levels were compared with measurements at different time points over 56 days in the same intraocular compartments upon a single IVT injection of 1.2 mg aflibercept recombinant protein. This dose was selected as an approximate equivalent to human dose based on the difference in vitreous volume between NHP and human.[@bib21], [@bib22], [@bib23] It is known that IVT administration of AAV vectors with various transgenes can induce intraocular inflammation.[@bib20]^,^[@bib24]^,^[@bib25] Several studies have used concomitant anti-inflammatory interventions as an approach for mitigating or eliminating the inflammatory responses following administration of AAV vectors.[@bib24], [@bib25], [@bib26] Consequently, we measured parameters of ocular inflammation as a function of ADVM-022 dose. Our results show that ADVM-022-expressed aflibercept levels in the intraocular tissues were equivalent to those in aflibercept-injected animals measured 21--32 days post-injection. Based on the similarity of aflibercept PK in NHP and humans, the results suggest that ADVM-022 at doses ranging from 2 × 10^11^ to 2 × 10^12^ vg/eye provided aflibercept at the levels detected in patients' eyes treated with the aflibercept IVT dose.[@bib27] ADVM-022 treatment did not lead to a systemic exposure to aflibercept, unlike IVT bolus of aflibercept protein, where small amounts of aflibercept were detected in the blood. Overall, ADVM-022 has the potential to provide sustained intraocular expression of aflibercept at pharmacologically active levels in human patients, thus minimizing treatment burden of neovascular ocular diseases with anti-VEGFA drugs and potentially improving visual outcome.

Results {#sec2}
=======

In order to compare ocular levels of aflibercept from ADVM-022 versus aflibercept recombinant protein administration, we examined aflibercept expression levels as a function of ADVM-022 dose and compared them with levels attained following delivery of a single-bolus IVT injection of aflibercept recombinant protein. In this study, three groups of animals (n = 2/group) received a single bilateral IVT administration of ADVM-022 at 2 × 10^11^, 6 × 10^11^, or 2 × 10^12^ vg/eye. ADVM-022-treated animals were monitored for 56 days post-injection, at which time samples were collected for determination of ADVM-022-induced aflibercept expression. Aflibercept levels in animals receiving ADVM-022 were compared with samples collected from a fourth group of animals (n = 2 for each time point) that received a single bilateral IVT injection of aflibercept (1.2 mg/eye) from which tissue was collected at various times out to day 56. This design enabled a direct comparison of expression levels of ADVM-022 aflibercept (as measured in the aqueous and vitreous humor and ocular tissues) with levels resulting from a single bolus injection of aflibercept.

The half-life of IVT-injected aflibercept in African green monkey ([Table 1](#tbl1){ref-type="table"}) in vitreous humor was very close to the half-life of aflibercept in human vitreous humor calculated using mathematical modeling,[@bib28]^,^[@bib29] suggesting similar PK of this drug in human and NHP eyes.Table 1Aflibercept Half-Lives after IVT Administration of Aflibercept Protein Calculated from the Slopes of the Lines in [Figure 1](#fig1){ref-type="fig"}MatrixHalf-Life (h)Serum91Vitreous humor105Aqueous humor106Retina113Choroid98

Single IVT injections of either 2 × 10^11^, 6 × 10^11^, or 2 × 10^12^ vg/eye ADVM-022 resulted in post-dose aflibercept concentrations at day 56 that were similar to those observed in the aflibercept protein-injected animals between days 21 and 32 (see purple, green, and red dotted lines in [Figure 1](#fig1){ref-type="fig"}; also see [Table S1](#mmc1){ref-type="supplementary-material"}). In comparison, by day 56, animals injected with aflibercept protein displayed concentrations in the different ocular matrices that were ranging from below the level of quantitation to 3% of those expressed from ADVM-022.Figure 1IVT ADVM-022 Provides Levels of Intraocular Aflibercept Expression Comparable with Those Measured 21--32 Days following IVT Injection of Aflibercept Recombinant Protein (n = 4 Eyes, 2 Animals for Each Data Point)(A) Vitreous humor. (B) Aqueous humor. (C) Retina. (D) Choroid. The dotted lines indicate the times on the decay curves when recombinant aflibercept levels are equivalent to those seen in the ADVM-022-treated groups' low (2 × 10^11^ vg/eye, purple), middle (6 × 10^11^ vg/eye, green), and high (2 × 10^12^ vg/eye, red) doses tested on day 56. Error bars represent standard deviations.

Over the range of ADVM-022 doses injected (2 × 10^11^--2 × 10^12^ vg/eye), aflibercept expression levels were less than dose-proportional. For example, a 10-fold increase in vector dose resulted in an approximately 2-fold increase in aflibercept expression in the vitreous humor and retina ([Figure 2](#fig2){ref-type="fig"}).Figure 2Aflibercept Expression Levels as a Function of ADVM-022 Dose in vitreous humor (A), aqueous humor (B), retina (C) and choroid (D), collected at Day 56 Post-dose (n = 4 Eyes/2 Animals)Means ± SEM for treatment groups are shown. ∗p \< 0.05, ∗∗p \< 0.01 (one-way ANOVA with Tukey's multiple comparisons test).

Systemic exposure of aflibercept was evaluated following IVT delivery of either aflibercept recombinant protein or increasing doses of ADVM-022. At all doses of ADVM-022, aflibercept expression in the eye did not result in detectable levels of aflibercept in the systemic circulation ([Figure 3](#fig3){ref-type="fig"}). Immediately following IVT injection of aflibercept recombinant protein, serum concentrations were highest at the first post-treatment time point (day 1; 1.4 μg/mL) followed by an exponential decay that reached 0.009 μg/mL at day 28 post-dose.Figure 3Serum Levels of Aflibercept following IVT Delivery of Either Aflibercept Recombinant Protein or Increasing Doses of ADVM-022Means ± SEM for treatment groups are shown. Note that the data points for each ADVM-022 dose are superimposed on the x axis. For ADVM-022-dosed animals, n = 2 animals per dose at each time point. Due to the serum and other tissue collection schedule, the number of serum specimens from animals dosed with aflibercept was different at each of the time points (n = 12 at baseline \[all aflibercept-treated subgroups\]; n = 2 at day 1 (subgroup 1a); n = 2 at day 7 (subgroup 1b); n = 8 at day 14 (subgroups 1c, d, e, and f); n = 6 at day 28 (subgroups 1d, e, and f); n = 4 at day 42 (subgroups 1e and f); and n = 2 at day 56 (subgroup 1f).

Slit-lamp examinations were performed to evaluate a number of parameters (see [Materials and Methods](#sec4){ref-type="sec"}) that could indicate ocular inflammation. The inflammatory responses included aqueous and vitreous cell infiltrates, keratic precipitates, and incidental lens capsule deposit findings. As shown in [Figure 4](#fig4){ref-type="fig"}, doses of 2 × 10^11^ ([Figure 4](#fig4){ref-type="fig"}A) and 6 × 10^11^ vg/eye ([Figure 4](#fig4){ref-type="fig"}B) induced minor or mild inflammatory responses through day 56, while the responses to a dose of 2 × 10^12^ vg/eye ([Figure 4](#fig4){ref-type="fig"}C) were more pronounced, but nearly completely resolved by day 56, with the exception of lingering keratic precipitates in the highest dose group. Vitreous haze was transiently observed in the eyes treated with ADVM-022 at 2 × 10^12^ vg/eye, with no aqueous flare observed at any dose. Representative anterior segment and dilated fundus photographs of eyes receiving a single IVT injection of ADVM-022 at 2 × 10^11^, 6 × 10^11^, and 2 × 10^12^ vg/eye are shown in [Figure S1](#mmc1){ref-type="supplementary-material"}. Evaluation of African green monkey eyes injected with 1.2 mg/eye aflibercept detected sporadic low-grade responses that could be related either to the test article or the procedure ([Figure S2](#mmc1){ref-type="supplementary-material"}).Figure 4Assessment of Ocular Inflammatory Response to Different Doses of ADVM-022(A--C) Aqueous cell (AC), aqueous flare (AF), keratic precipitate (KP), lens capsule deposit (LCD), vitreous cells (VC), and vitreous haze (VH) were parameters observed in the eyes treated with ADVM-022 injected at 2 × 10^11^ (A), 6 × 10^11^ (B), and 2 × 10^12^ (C) vg/eye, out of 21 parameters scored by slit-lamp examination (see [Materials and Methods](#sec4){ref-type="sec"}). Scores are shown as mean ± SEM; n = 4 eyes.

Discussion {#sec3}
==========

ADVM-022 gene therapy has been designed to address the challenges associated with the current standard of care for nAMD, notably the repeated IVT injections for the lifetime of the patient required to maintain visual function,[@bib30]^,^[@bib31] by providing a continuous supply of an approved anti-VEGFA protein to the eye after a single IVT delivery.

The current study was designed to evaluate whether the levels of the aflibercept expression in ocular tissues driven by IVT-delivered ADVM-022 were comparable with the levels resulting from a single IVT dose of aflibercept recombinant protein (standard of care) within its duration of action period. We also evaluated intraocular aflibercept production, as well as inflammation parameters, as a function of ADVM-022 dose.

The ADVM-022-induced aflibercept expression measured 56 days post-dose reported here was within the range we previously reported in our long-term study, in which aflibercept levels were monitored over a 16-month period post-ADVM-022 administration.[@bib20] In this study, aflibercept expression was detected in all ocular tissues sampled (aqueous humor, vitreous humor, choroid, and retina) following ADVM-022 administration.

The levels of aflibercept expression were highest in retina and vitreous humor, followed by choroid and aqueous humor, in agreement with our earlier study.[@bib20] This pattern of aflibercept distribution in the intraocular tissues indicates that the neural retina is one of the principal sources of aflibercept, with a potential contribution from anterior ocular tissues, such as iris pigmented epithelium, ciliary body, and ciliary processes that could also be transduced with AAV2.7m8.[@bib32]

The dose-response of aflibercept expression induced by ADVM-022 indicates that although increased levels of ADVM-022 resulted in a trend toward increased aflibercept expression, a 10-fold increase in vector dose resulted in only a 2-fold increase in aflibercept levels in the retina and vitreous humor. The absence of dose-response linearity in a wide dose range of AAV vector is not unique and was seen in previous *in vivo* and *in vitro* studies.[@bib33]^,^[@bib34] This non-linearity could result from any rate-limiting step in the transduction pathway, from vector distribution in the tissue to its entry to the cell, endosomal processing, nuclear trafficking, and conversion to the transcriptionally active forms, and each of these steps may be affected in a tissue- and cell-type-specific manner.[@bib35] Indeed, in the case of IVT/intraocular vector delivery, the dose-proportionality of retina will be affected by the need for vector particles to redistribute through several compartments to reach to the neural retina, such as the redistribution of AAV particles from vitreous to the inner limiting membrane (ILM), with a subsequent dissociation from the ILM with a chance to redistribute to the retinal compartment.[@bib36]^,^[@bib37]

The levels of intraocular aflibercept expressed from ADVM-022 were compared with the levels achieved after IVT bolus injection of 1.2 mg/eye aflibercept recombinant protein in the African green monkey. The PK profile of aflibercept following IVT-injected aflibercept recombinant protein evaluated in this study was similar to the published clearance rates of aflibercept after IVT administration in rabbits and cynomolgus monkeys,[@bib38]^,^[@bib39] and the half-life in vitreous humor (106 h) was very close to human vitreous humor rates calculated using mathematical modeling (115 h).[@bib12]^,^[@bib28] The aflibercept levels measured in aqueous humor of ADVM-022-treated NHP eyes were similar to those described by Celik et al.,[@bib27] in a study of nAMD patients receiving bimonthly injections aflibercept recombinant protein.

Although ADVM-022 led to expression of aflibercept at levels significantly lower than the peak levels observed after IVT injection of recombinant aflibercept ([Figure 2](#fig2){ref-type="fig"}), we have previously reported that its efficacy in suppression of laser-induced CNV lesions was similar to that of the aflibercept standard-of-care bolus IVT injection.[@bib20] Pharmacological efficacy of ADVM-022-expressed aflibercept levels was not unexpected because, at all ADVM-022 doses tested, the levels in retina significantly exceeded the half-maximal inhibitory concentration (16 pM, or 1.6 ng/mL) for VEGFA~165~ interaction with its receptor FLT1.[@bib40]

Close similarity of the vitreous half-life of IVT-injected aflibercept in the NHP in this study with its modeled half-life in humans implies similar rates of clearance of aflibercept from the human and NHP eyes. Consequently, assuming that ADVM-022 in humans expresses the levels of aflibercept similar to those observed in NHPs, then the time points at which the ADVM-022-expressed aflibercept levels are equivalent to those after IVT injection of aflibercept protein in NHPs (days 21--28 post-injection time points) can be translated to aflibercept PK in humans. Based on this assumption, the ADVM-022-expressed levels of aflibercept in humans would be well within the duration of action of the aflibercept IVT dose: the median duration of aflibercept action reported in the VIEW trials was about 12 weeks,[@bib41] although it is typically administered to nAMD patients on average every 4--8 weeks as the current standard of care. This suggests that a single IVT injection of ADVM-022 may lead to a sustained expression of pharmacologically active levels of aflibercept in human patients. Indeed, we cannot exclude the possibility that in some patients, intraocular VEGFA production may exceed the inhibitory capacity of the ADVM-022-expressed aflibercept levels, rendering aflibercept-delivering gene therapy less efficacious; in these patients, there would be a required bolus "rescue" injection of aflibercept in order to completely inhibit nAMD activity. The ongoing clinical trials of ADVM-022 will identify what population of nAMD patients may benefit from the continuous expression of aflibercept delivered by ADVM-022.

Evaluation of inflammatory responses in eyes injected IVT with ADVM-022 at doses ranging from 2 × 10^11^ to 2 × 10^12^ vg/eye showed that the eyes receiving ADVM-022 exhibited mostly mild intraocular inflammation, peaking around 1 month post IVT injection. The degree of the inflammatory response correlated with vector dose. The level of inflammation at any dose in this study did not warrant treatment with any anti-inflammatory medication; no topical nor systemic steroids were required to quell the spontaneously resolving inflammatory response to ADVM-022. Importantly, the 2 × 10^11^ and 6 × 10^11^ vg/eye doses resulted in aflibercept expression within the range that was previously shown to be efficacious in the laser-induced CNV model of nAMD,[@bib20] while inducing only minimal or mild inflammatory responses. The eyes receiving ADVM-022 exhibited mild self-limiting intraocular inflammation, peaking around 1 month post IVT injection. The findings of keratic precipitates and lens capsule deposits in the high-dose group may be, at least in part, related to a pseudo-endophthalmitis-like precipitation of the viral particles themselves, akin to the pseudo-endophthalmitis noted follow-up IVT injections of triamcinolone, rather than a true inflammatory reaction.[@bib42]

The reduction of systemic VEGFA levels in patients receiving IVT injection of aflibercept or bevacizumab is well documented,[@bib43], [@bib44], [@bib45] although the clinical implications of this suppression are not clear. Although this therapy is considered safe in the general population, it has been suggested that a subset of patients, such as those with diabetes, a history of recent myocardial infarction, or cerebrovascular accidents, may be at increased risk for systemic serious adverse events.[@bib43], [@bib44], [@bib45], [@bib46] Indeed, a recent meta-analysis identified a possible increased risk for death in diabetic patients receiving monthly IVT anti-VEGFA agents (odds ratio \[OR\], 2.98; 95% confidence interval \[CI\], 1.44--6.14; p = 0.003).[@bib43] In the current study, ADVM-022 administration did not result in serum exposure to aflibercept, at a time where ocular aflibercept levels from ADVM-022 are present, indicating no leakage into the systemic circulation, and thus ADVM-022 may exhibit an improved safety profile over aflibercept recombinant protein.

In summary, the data from this NHP PK study demonstrate that a single IVT injection of ADVM-022 can induce intraocular levels of aflibercept in the range of therapeutic levels achieved with the standard-of-care recombinant protein from a range of doses spanning one log from 2 × 10^11^ to 2 × 10^12^ vg/eye. Together with the published long-term activity of IVT-delivered ADVM-022 in the laser-induced model of neovascular AMD, these results support the concept that sustained aflibercept expression following a single dose of ADVM-022 may provide an effective long-term treatment option for patients suffering from nAMD.

Materials and Methods {#sec4}
=====================

Vector {#sec4.1}
------

ADVM-022 utilizes the AAV2.7m8 capsid, a variant of AAV2 that includes a 10-amino acid insertion in loop IV of the AAV2 viral capsid proteins (VP1--3). The genome consists of the viral inverted terminal repeats from AAV2 flanking the expression cassette, C11.CO.aflibercept, as previously described.[@bib20]

In brief, aflibercept expression was controlled by the following regulatory elements: the human cytomegalovirus (CMV) immediate-early enhancer and promoter, an adenovirus tripartite leader sequence (TPL) followed by an enhancer element from the major late promoter (eMLP), a synthetic intron, and a Kozak sequence driving expression of aflibercept. The cDNA of aflibercept was followed by a human scaffold attachment region (SAR) and the human growth hormone (GH) polyadenylation site.

Aflibercept {#sec4.2}
-----------

Aflibercept recombinant protein used as positive control was manufactured by Regeneron Pharmaceuticals and was purchased commercially.

Animals {#sec4.3}
-------

This study was conducted in naive adult African green monkeys (*Chlorocebus sabaeus*) of both sexes aged 5--12 years old, as established by dentition criteria.[@bib47] All animals were used in accordance with the Association for Research in Vision and Ophthalmology (ARVO) Statement for the Use of Animals in Ophthalmic and Vision Research. Procedural aspects of the animal studies were approved by the Animal Care and Use Committee overseeing animal welfare at the primate facility (St. Kitts Biomedical Research Foundation, St. Kitts, West Indies) with which RxGen (New Haven, CT, USA) maintains a facility use agreement. All animals were in the normal range at baseline ophthalmic screening, including tonometry, slit-lamp biomicroscopy, fundoscopy, color fundus photography (CFP), fluorescein angiography (FA), and optical coherence tomography (OCT). All animals recruited in the study were pre-screened for the neutralizing antibody (Nab), and only Nab-negative animals were assigned to the ADVM-022 treatment groups.

To compare the dose-dependent levels of aflibercept expression following IVT injection of ADVM-022 with the levels achieved following bolus IVT injection of aflibercept recombinant protein, animals of both sexes (n = 20) were randomized into 10 treatment groups by weight, 1 male and 1 female per group ([Table 2](#tbl2){ref-type="table"}). On study day 0, groups 1a, 1b, 1c, 1d, 1e, and 1f received bilateral (oculus uterque \[OU\]) IVT injections of 1.2 mg (30 μL) aflibercept (Eylea, 40 mg/mL, an approved therapy for nAMD). Groups 2, 3, and 4 received IVT OU ADVM-022 at doses of 2 × 10^11^, 6 × 10^11^, and 2 × 10^12^ vg/eye, respectively, at 100 μL/eye.Table 2Animal Group AssignmentsGroupTest ArticleDose/Eyen and SexSacrifice Day1aaflibercept1.2 mg1 M/1 F11baflibercept1.2 mg1 M/1 F71caflibercept1.2 mg1 M/1 F141daflibercept1.2 mg1 M/1 F281eaflibercept1.2 mg1 M/1 F421faflibercept1.2 mg1 M/1 F562ADVM-0222 × 10^11^ vg1 M/1 F563ADVM-0226 × 10^11^ vg1 M/1 F564ADVM-0222 × 10^12^ vg1 M/1 F56[^1]

The study was performed according to the scheme shown in [Figure 5](#fig5){ref-type="fig"}. Animals were examined by slit-lamp biomicroscopy, fundoscopy, FA, tonometry, OCT, and CFP at baseline screening and at specified time points ([Figure 5](#fig5){ref-type="fig"}). Slit-lamp examination evaluated eyes for the following parameters: conjunctival congestion, conjunctival swelling, conjunctival discharge, pannus, corneal opacity, corneal clouding, corneal area, inflammatory keratic precipitate, aqueous cells, aqueous flare, fibrin strands, iris hyperemia, iris exfoliation, iris synechia, lens capsule deposit, lens opacity, vitreous cells, vitreous haziness, retinal vasculitis, and papillitis. Evaluation of the posterior wall and vitreous humor was performed by posterior segment slit-lamp examination with a 90-D lens. Eyes also were evaluated for retinal infiltrates and hemorrhage, vascular dilation, tortuosity and sheathing, and optic disc edema during the fundoscopy. Samples of biological material were collected at time points described in [Table 3](#tbl3){ref-type="table"}.Figure 5Study ScheduleAnimals in groups 1a, b, c, d, e, and f were dosed with aflibercept, 1.2 mg/eye. Animals in groups 2, 3, and 4 were dosed with ADVM-022 OU at 2 × 10^11^, 6 × 10^11^, and 2 × 10^12^ vg/eye, respectively. On day 1, CFP, FA, and OCT data were collected only for group 1a, prior to termination.Table 3Sample Collection ScheduleSampleTime PointSerumbaseline (all groups)day 1 (group 1a)day 7 (group 1b)day 14 (groups 1c, 1d, 1e, 1f, 2, 3, 4)day 28 (groups 1d, 1e, 1f, 2, 3, 4)day 42 (groups 1e, 1f, 2, 3, 4)day 56 (groups 1f, 2, 3, 4)Aqueous humortermination for all groupsVitreous humorday 1 (group 1a)day 3 (group 1b)day 7 (group 1b)day 10 (group 1c)day 14 (group 1c)day 21 (group 1d)day 28 (group 1d)day 35 (group 1e)day 42 (group 1e)day 49 (group 1f)day 56 (groups 1f, 2, 3, 4)Ocular tissue (retina, choroid)at termination for all groups

Animal Care and Handling {#sec4.4}
------------------------

Animals were anesthetized for all procedures and ophthalmic evaluations (8.0 mg/kg ketamine/1.6 mg/kg xylazine, intramuscular \[IM\] to effect). General well-being was assessed before, during, and after sedation, as well as twice daily on non-procedure days. The daily consumption of food biscuits was monitored. Body weight was measured at the time of ophthalmic examinations.

Test Article Delivery {#sec4.5}
---------------------

IVT doses were administered under local anesthesia (0.5% proparacaine) using a 31G 5/16-inch needle (Ulticare Vet RX U-100, \#09436) 2 mm posterior to the limbus in the inferior temporal quadrant, targeting the central vitreous. Injections were followed by topical administration of 0.3% ciprofloxacin ophthalmic solution and 1% atropine ophthalmic ointment.

Aqueous and Vitreous Humor Collection {#sec4.6}
-------------------------------------

Vitreous humor was sampled in-life using a 27G needle placed 3 mm posterior to the limbus after sterile preparation of the eye as for IVT injections. Vitreous and aqueous humor taps (in-life) were followed by one drop of topical administration of 0.3% ciprofloxacin and 1% atropine ophthalmic ointment. At termination, 1.5 mL vitreous humor and 100 μL aqueous humor per eye were collected. Samples were transferred to pre-labeled and pre-weighed cryotubes, and stored frozen at −80°C until analysis.

Ocular Tissue Collection {#sec4.7}
------------------------

Following euthanasia with pentobarbital, and subsequent aqueous and vitreous humor collection, eye globes were enucleated, and excess orbital tissue was trimmed. For all animals sacrificed prior to day 56, both globes were flash frozen in liquid nitrogen and then dissected along frozen tissue planes at room temperature to isolate cornea, iris/ciliary body, lens, vitreous, choroid, retina, sclera, and optic nerve. For animals euthanized on day 56, following euthanasia with pentobarbital, and subsequent aqueous and vitreous humor collection, eye globes were enucleated, and excess orbital tissue was trimmed. The anterior segment of each enucleated eye globe was removed, and the posterior segment was cut in half along the horizontal plane. The retina was removed from the underlying choroid, and the choroid was separated from the outer sclera, weighed, frozen, and stored before the analysis at −80°C.

Prior to the analysis, retina and choroid were homogenized in the tissue lysis buffer (250 mM HEPES, 150 mM NaCl, 1% Triton X-100 and 5 mM EDTA, 1 mM PMSF, protease inhibitor cocktail \[P8340; Sigma\], supplemented with 0.5% BSA in 1× PBS), with Navy homogenization beads, using Bullet Blender Storm 24 (Next Advance). After homogenization, the lysates were incubated on ice for the remainder of the 20-min (minimum) incubation time, clarified by centrifugation at 14,000 × *g* for 15 min at 2°C--8°C, and analyzed for aflibercept levels.

Bioanalysis for Aflibercept Expression {#sec4.8}
--------------------------------------

Unbound aflibercept levels in aqueous humor, vitreous humor, retina, and choroid were measured using an enzyme-linked immunosorbent assay (ELISA). ELISA plates (NUNC MaxiSorp) were coated with 100 μL/well recombinant human VEGFA (rhVEGFA; R&D Systems) at a concentration of 1 μg/mL in coating buffer (R&D Systems) and incubated overnight at 4°C. After being washed with wash buffer (KPL), the plates were blocked with 300 μL/well protein-free blocking buffer (Pierce). Afterward, the plates were washed, and diluted samples were added (100 μL/well; 1:1,000 for ADVM-022-treated samples and 1:50 for vehicle-treated samples), and incubated for 2 h at ambient temperature. The plates were then washed again, and 100 μL/well anti-human Fcγ-specific antibody conjugated to horseradish peroxidase (HRP) (Jackson ImmunoResearch) at 500 ng/mL in bovine serum albumin (1% in PBS) was added to the wells. After a washing step, 100 μL/well SuperSignal ELISA Pico Chemiluminescent Substrate (Thermo Fisher Scientific) was added to the wells, and luminescence signal was measured using a microplate luminometer.

Data Analysis {#sec4.9}
-------------

Levels of aflibercept expression in the eyes treated with different doses of ADVM-022 (groups 2--4) were compared using one-way AVOVA with Tukey's post hoc multiple comparisons analysis. All statistics were performed using GraphPad Prism (Version 6) statistical analysis software. The p values \<0.05 were considered statistically significant. Half-lives of aflibercept recombinant protein were calculated using linear fits of the log of aflibercept levels (calculated in ng/mL) versus time (days).
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[^1]: F, female; M, male.
